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La presente invention conceme un procede de synthese industriel du diester methylique de 
Facide 5-amino-3-carboxymethyl-4-cyano-2-thiophenecarboxylique, et son application a la 
production industrielle des sels bivalents de Tacide ranelique et de leurs hydrates. 

Plus specifiquement, la presente invention conceme un nouveau procede de synthese 
industriel. du derive de formule (I) : 




Le compose de formule (I) obtenu selon le procede de I'invention est utile dans la sjnthese 
de Tacide ranelique, de ses sels de strontium, de calcium ou de magnesium de formule (II) : 



2 , 2 M2+ (II) ; . 

dans laquelle M represente le strontium, le calcium ou le magnesium, 
et des hydrates desdits sels. 

Les sels bivalents de Tacide ranelique possedent des proprietes pharmacologiques et 
therapeutiques tres interessantes, notamment des proprietes anti-osteoporotiques 
remarquables, qui rendent ces composes utiles dans le traitement des maladies osseuses. 

Les sels bivalents de I'acide ranelique, et plus particulierement le ranelate de strontium, 
leur preparation et leur utilisation en therapeutique ont ete decrits dans le brevet europeen 
EP 0415 850. 
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Ce brevet decrit I'acces au ranelate de strontium a partir du t^traester 6thylique de formule 

(in) : 




5-2-2- S 




H.cox-' Ly^^'^^^2^2^5 (nr). 



C0,C,H3 



M meme accessible a partir du diester ethylique de formule (IV) : 




(IV) 



L'acces a rintermediaire de formule (IV) a ete decrit dans la publication Bull. Soc. Chim. 
France 1975, pp. 1786-1792 et dans la publication J. Chem. Tech. Biotechnol. 1990, 47, 
pp. 39-46, par reaction entre le 3-oxoglutarate de diethyle, le malononitrile et le soufre 
dans I'ethanol, en presence de morpholine ou de diethylamine. 

Ce precede presente I'avantage d'utiliser des matieres premieres ais6ment accessibles, et 
d'etre simple a mettre en oeuvre, mais, transpose a I'echelle de quelques centaines de kg, il 
ne permet pas d'obtenir le compose de formule (IV) avec un rendement superieur a 70 %. 

Or, compte-tenu de Tinteret pharmaceutique du ranelate de strontium et des tonnages 
realises, il etait important de pouvoir acceder a un diester de Tacide 5~amino-3-. 
carboxyinethyl-4-cyano-2-thiophenecarboxylique de purete excellente, avec un rendement 
au moins egal a 77 %, reproductible a Techelle industrielle. 

La Demanderesse a presentement mis au point un procede de synthese industriel 
performant, permettant d'obtenir le diester methylique de formule (1) avec un rendement au 
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moins egal a 77 % et une purete superieure a 97 %. 

Le compose de formule (I) ainsi obtenu est particulierement utile dans la synthese de 
I'acide ranelique, de ses seis de strontium, de calcium ou de magnesium et des hydrates 
desdits sels, et plus particulierement du ranelate de strontium et de ses hydrates. II est alors 
mis en reaction avec un ester de I'acide bromoacetique, pour conduire au tetraester 
correspondant, qui est alors transforme en apide ranelique ou en Tun de ses sels de 
strontium, de calcium ou de magnesium. 

Plus specifiquement, la presente invention conceme un procede de synthese industriel du 
compose de formule (I), 

caracterise en ce que Ton met en reaction le 3-oxoglutarate de dimethyle de formule (V) : 



H3CO2C 



O 



CO2CH3 



(V) 



avec le malononitrile de formule (VI) : 



NC 



CN 



(VI) 



dans le methanol, 

en presence de morpholine en quantity superieure a 0,95 mole par mole de compose de 
formule (V), 

pour conduire au compose de formule (VII) : 



CH30 



OCH. 




(vro 
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que I'on met ensuite en reaction avec du soufre en-quantite superieure a 0,95 mole par mole 
de compose de formule (V), 

que Ton chauffe ensuite le melange reactionnel au reflux, 

et que Ton isole le compose de formule (I) ainsi obtenu par precipitation en presence d'eau, 
suivie d'une filtration. 

Le precede, ainsi amelior6 par I'utilisation de ces conditions tres sp6cifiques, et notamment 
par la formation intermediaire du compose de formule (VII), 6ventuellement isolable, 
pemiet d'obtenir le compose de formule ([) avec une excellente purete et un rendement 
reproductible a Techelle de quelques centaines de kg et au moins (§gal k 77 %, ce qui 
represente un gain de rendement capital, compte-tenu des tonnages importants de ranelate 
de strontium produits. 

De fa9on preferentielle, la quantite de methanol est comprise entre 1 et 3 ml par gramme 
de compose de formule (V). 

La temperature de reaction entre les composes de formule (V) et (VI) est de preference 
inferieure a 50°C. 

Le temps de reaction au reflux apres addition du soufre est preferentiellement compris 
entre 1 h 30 et 3 h. 

Le 5-amino-4-cyano-3-(2-methoxy-2-oxoethyl)-2-thiophenecarboxylate de methyle de 
formule (I) et rinterm6diaire de formule (VIT) sont des produits nouveaux, utiles comme 
intennediaires de synthese dans I'industrie chimique ou pharmaceutique, notamment dans 
la synthese du ranelate de strontium, et font a ce titre partie integrante de la presente 
invention. 



Les exemples ci-dessous illustrent I'invention, mais ne la limitent en aucune fa9on. 
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EXEMPLE 1 : 5-Amino-4-cyano-3-(2-methoxy-2*oxoethyl)-2-thiophene€arboxyIat 

de methyle* 

Charger dans un reacteur 400 kg de 3-oxoglutarate de dimethyle, 158 kg de malononitrile 
et 560 I de methanol, puis, en maintenant la temperature du milieu reactionnel inferieure a 
40°C, 1 99,6 kg de morpholine. 

Charger ensuite 73,6 kg de soufre, puis amener le melange au reflux, 

Apres 2 h de reaction, couper le reflux, ajouter de Teau jusqu'a precipitation. Filtrer le 
precipite obtenu, le laver et le secher. 

Le 5-amino-4-cyano-3-(2-methoxy-2-oxoethyl)-2-thiophenecarboxylate de methyle est 
ainsi obtenu avec un rendement de 77 % et une purete chimique de 98 %. 

« 

EXEMPLE 2 : 5-Ammo-4-cyano-3-(2-mSthQxy*2-oxoethyI)-2-t]iiQphenecarboxylate 

de methyle. 

Charger dans un reacteur 400 kg de 3-oxoglutarate de dimethyle, 158 kg de malononitrile 
et 560 1 de methanol, puis, en maintenant la temperature du milieu reactionnel inferieure a 
40^C, 199,6 kg de morpholine. 

Le compose de formule (VII) ainsi obtenu, ou sel d'addition du 3-(dicyanomethylene)-5- 
hydroxy-5-methoxy-4-pentenoate de methyle avec la morpholine, est isole par filtration 
apres refi-oidissement du milieu, puis mis en reaction dans le methanol avec 73,6 kg de 
soufre. 

Le melange est ensuite amene au reflux. 

Apres 2 h de reaction, couper le reflux, ajouter de Teau jusqu'a precipitation. Filtrer le 
precipite obtenu, le laver et le secher. 
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REVENDICAHQNS 



1. Precede de synthese industriel du compose de fonnule (I) 



H3CO2C 



H3CO2C 




0) 



caractense en ce que I'on met en reaction le 3-oxoglutarate de dimethyle de fonnule (V) 



H3CO2C 



O 



CO2CH3 



(V) 



avec le malononitrile de formule (VI) : 



NC CN 



(VI) 



10 



dans le methanol, 

en presence de morpholine en quantite superieure a 0,95 mole par mole de compose de 
formule (V), 

pour conduire au compose de formule (VII) : 



CH3O 



OCH. 




(VH) 



que Ton met ensuite en reaction avec du soufre en quantite superieure a 0,95 mole par 
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7 



mole de compose de fonnule (V), 

que I'on chauffe ensuite le melange reactiomiel au reflux, 

et que Ton isole le compose de foraiule (I) ainsi obtenu par precipitation en presence 
d*eau, suivie d*une filtration. 

Precede de synthese selon la revendication 1, caracterise en ce que la quantite de 
methanol est comprise entre 1 et 3 ml par gramme de compose de formule (V). 

Precede de synthese selon Tune quelconque des revendications 1 ou 2, caracterise en 
ce que la temperature de reaction entre les composes de formules (V) et (VI) est 
inferieure a 50^C. 

Precede de synthese selon Tune quelconque des revendications 1 a 3, caracterise en ce 
que le temps de reaction au reflux apres addition du soufire est compris entre 1 h 30 et 



5-Amino-4-cyano-3-(2-methoxy-2-oxoethyl)-2-thiophenecarboxylate de methyle. 



Precede de synthese de Tacide ranelique, de ses sels de strontium, de calcimn ou de 
magnesium et des hydrates desdits sels, a partir d'un compose de formule (I) : 



3h. 



Compose de formule (VII) : 





(I) 
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que Ton met en reaction avec un ester de I'acide bromoacetique, pour conduire au 
tetraester correspondant, que Von transforme en acide ran61ique ou en Tun de ses sels 
de strontium, de calcium ou de magnesium, 

caracterise en ce que le compose de formule (I) est obtenu par le procede de synthese 
selon Tune quelconque des revendications 1 a 4. 

Procede de synthese du ranelate de strontium et de ses hydrates, a partir d'un compose 
de formule (I) : 




(I) 



que Ton met en reaction avec un ester de I'acide bromoacetique, pour conduire au 
tetraester correspondant, que Ton transforme en ranelate de strontium, _ 
caracterise en ce que le compose de formule (I) est obtenu par le procede de synthese 
selon Tune quelconque des revendications 1 a 4. 
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The present invention relates to a process for the industrial synthesis of the methyl diester 
of 5-amino-3-carboxymethyl-4-cyano-2-thiophenecarboxylic acid and to the application 
thereof in the industrial production of bivalent salts of ranelic acid and their hydrates. 

More specifically, the present invention relates to a new process for the industrial synthesis 
5 of the compound of formula (I) : 




H3CO2C 

N / 

(I). 



The compound of formula (I) obtained according to the process of the invention is useful 
in the synthesis of ranelic acid, its strontium, calcium or magnesium salts of formula (II) : 




2 , 2 M2+ (II), 



CO2 



10 wherein M represents strontium, calcium or magnesium. 



and hydrates of the said salts. 



The bivalent salts of ranelic acid have very valuable pharmacological and therapeutic 
properties, especially pronounced anti-osteoporotic properties, making these compounds 
useful in the treatment of bone diseases. 



15 



The bivalent salts of ranelic acid, and more especially strontium ranelate, the preparation 
thereof and the therapeutic use thereof have been described in the European Patent 
Specification EP 0 415 850. 




i 
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That Patent Specification describes the synthesis of strontium ranelate starting fi-om the 
ethyl tetraester of formula (III) : 



which is itself obtainable starting from the ethyl diester of formula (IV) : 



CN 

H5CAC - 




(IV). 



Synthesis of the intermediate of formula (IV) has been described in the publication Bull. 
Soc. Chim. France 1975, pp. 1786-1792 and in the publication J. Chem. Tech. Biotechnol. 
1990, 47, pp. 39-46, by reaction between diethyl 3-oxoglutarate, malononitrile and sulphur 
in ethanol, in the presence of morpholine or diethylamine. 

10 That process has the advantage of using readily accessible starting materials and of being 
simple to put into practice; however, when transferred to the scale of several hundred 
kilograms, it does not allow the compound of formula (IV) to be obtained in a yield greater 
than 70 %. 

In view of the pharmaceutical interest of strontium ranelate and the tonnages produced, it 
15 has been important to be able to synthesise a diester of 5-amino-3-carboxymethyl-4-cyano- 
2-thiophenecarboxylic acid of excellent purity, in a yield of at least 77 %, which is 
reproducible on an industrial scale. 



# 
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The Applicant has now developed an effective industrial synthesis process allowing the 
methyl diester of formula (I) to be obtained in a yield of at least 77 % and with a purity 
greater than 97 %. 

The compound of formula (I) thereby obtained is especially useful in the synthesis of 
5 ranelic acid, its strontium, calcium or magnesium salts and hydrates of the said salts, more 
especially strontium ranelate and its hydrates, wherein it is reacted with an ester of 
bromoacetic acid to yield the corresponding tetraester, which is then converted into ranelic 
acid or into a strontium, calcium or magnesium salt thereof. 

More specifically, the present invention relates to a process for the industrial synthesis of 
10 the compound of formula (I), 

which process is characterised in that dimethyl 3-oxoglutarate of formula (V) : 



H3C02C^ ^Jl^ ^C02CH3 (V) 

O 



is reacted with malonitrile of formula (VI) : 



NC CN (VI) 



15 in methanol, 

in the presence of morpholine in an amount greater than 0.95 mol per mol of compound of 
formula (V), 

to yield the compound of formula (VII) : 



CH3O. ^ ^-^^ ^OCH3 




(VII), 
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which is then reacted with sulphur in an amount greater than 0.95 mol per mol of 

compound of formula (V); 

the reaction mixture is then heated at reflux; 

and the compound of formula (I) thereby obtained is isolated by precipitation in the 
5 presence of water, followed by filtration. 

The process, accordingly improved by the use of these very specific conditions, and 
especially by the intermediate formation of the compound of formula (VII), which can, if 
desired, be isolated, allows the compound of formula (I) to be obtained with excellent 
purity and in a yield of at least 77 % which is reproducible on the scale of several hundred 
10 kilograms, which represents a major gain in yield in view of the large tonnages of 
strontium ranelate produced. 

The amount of methanol is preferably fi-om 1 to 3 ml per gram of compoxmd of 
formula (V). 

The temperature of reaction between the compounds of formulae (V) and (VI) is preferably 
15 less than SO^'C. 

The reaction time at reflux after addition of the sulphur is preferably firom 1 hour 
30 minutes to 3 hours. 

Methyl 5-amino-4-cyano-3-(2-methoxy-2-oxoethyl)-2-thiophenecarboxylate of formula (I) 
and the intermediate of formula (VII) are new compounds which are useful as synthesis 
20 intermediates in the chemical or pharmaceutical industry, especially in the synthesis of 
strontium ranelate, and accordingly form an integral part of the present invention. 

The Examples hereinbelow illustrate the invention but do not limit it in any way. 
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EXAMPLE 1 : Methyl 5-ammo-4-cyano-3-(2-methoxy-2-oxoethyI)-2-thiophene- 

carboxylate 

Introduce into a reactor 400 kg of dimethyl 3-oxoglutarate, 158 kg of malononitrile and 
560 litres of methanol and then, whilst maintaining the temperature of the reaction mixture 
below 40°C, 199.6 kg of morpholine. 

Then introduce 73.6 kg of sulphur and subsequently bring the mixture to reflux. 

After reacting for 2 hours, stop refluxing and add water until precipitation occurs. Filter off 
the precipitate obtained, wash it and dry it. 

Methyl 5-amino-4-cyano-3-(2-methoxy-2-oxoethyl)-2-thiophenecarboxylate is thereby 
obtained in a yield of 77 % and with a chemical purity of 98 %. 

EXAMPLE 2 : Methyl 5-amino-4-cyano-3-(2-methoxy-2-oxoethyl)-2-thiophene- 

carboxylate 

Introduce into a reactor 400 kg of dimethyl 3-oxoglutarate, 158 kg of malononitrile and 
560 litres of methanol and then, whilst maintaining the temperature of the reaction mixture 
below 40°C, 199.6 kg of morpholine. 

The compound of formula (VII) thereby obtained, or the addition salt of methyl 3- 
(dicyanomethylene)-5-hydroxy-5-methoxy-4-pentenoate with morpholine, is isolated by 
filtration after cooling of the mixture and is then reacted with 73.6 kg of sulphur in 
methanol. 

The mixture is then brought to reflux. 

After reacting for 2 hours, stop refluxing and add water until precipitation occurs. Filter off 
the precipitate obtained, wash it and dry it. 
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CLAIMS 



1. Process for the industrial synthesis of the compound of formula (I) 



H3CO2C 




CN 




(I), 



characterised in that dimethyl 3-oxoglutarate of formula (V) : 



H3CO2C 




CO2CH3 



O 



is reacted with malononitrile of formula (VI) : 



(V) 



NC CN 



(VI) 



in methanol, 

in the presence of morpholine in an amount greater than 0.95 mol per mol of compound of 
10 formula (V), 

to yield the compound of formula (VII) : 



CH3O 



OCH- 




(VII), 



'i 
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which is then reacted with sulphur in an amount greater than 0.95 mol per mol of 

compound of formula (V); 

the reaction mixture is then heated at reflux; 

and the compound of formula (I) thereby obtained is isolated by precipitation in the 
presence of water, followed by filtration. 

2. Synthesis process according to claim 1 , characterised in that the amount of methanol is 
from 1 to 3 ml per gram of compound of formula (V). 



10 



3. Synthesis process according to either claim 1 or claim 2, characterised in that the 
temperature of reaction between the compounds of formulae (V) and (VI) is less than 
50°C. 



4. Synthesis process according to any one of claims 1 to 3, characterised in that the 
reaction time at reflux after addition of the sulphur is from 1 hour 30 minutes to 
3 hours. 

5. Methyl 5-amino-4-cyano-3-(2-methoxy-2-oxoethyl)-2-thiophenecarboxylate. 
15 6. The compound of formula (VII) : 



CH3O 



OCR 




(VII). 



7. 



Process for the synthesis of ranelic acid, its strontium, calcium or magnesium salts and 
hydrates of the said salts, starting from a compound of formula (I) : 
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which is reacted with an ester of bromoacetic acid to yield the corresponding 
tetraester, which is converted into ranelic acid or a strontium, calcium or magnesium 
salt thereof, 

5 characterised in that the compound of formula (I) is obtained by a synthesis process 

according to any one of claims 1 to 4. 

8. Process for the synthesis of strontixun ranelate and its hydrates, starting from a 
compound of formula (I) : 




10 which is reacted with an ester of bromoacetic acid to yield the corresponding 

tetraester, which is converted into strontium ranelate, 

characterised in that the compound of formula (I) is obtained by a synthesis process 
according to any one of claims 1 to 4. 
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